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OverviewOverview
SAR measurement procedures for 3G devices
– Part 22 & Part 24 handsets and data modems

– procedures may not fully apply to other radio services

test configurations are mostly derived according to
– 3GPP2/TIA & 3GPP standards

devices are tested according to
– operating capabilities and dominant use conditions

device test configurations are standardized
– for head & body SAR measurements

– to minimize SAR variations
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CDMA 2000CDMA 2000
procedures for Release 0 & Release A handsets with
– MS Protocol Revision 6 & 7

• 1x RTT only or
• 1x RTT and built-in Ev-Do

head/body SAR is measured in RC3
– with established radio link through call processing
– using the same RC in forward and reverse links

SAR in RC1 is selectively confirmed
– according to output power and exposure conditions

Uplink Channel 
Structure

Radio 
Configurations

Service OptionsChannel 
Configuration
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REVERSE CDMA CHANNEL
for Spreading Rates 1 and 3 (SR1 and SR3)
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Figure 2.1.3.1.1-1. Reverse CDMA Channels Received at the Base Station 2 


 3 


2.1.3.1.1.1 Spreading Rate 1 4 


The Reverse CDMA Channel consists of the channels specified in Table 2.1.3.1.1.1-1. Table 5 


2.1.3.1.1.1-1 states the maximum number of channels that can be transmitted by each 6 


mobile station for each channel type. 7 


 8 
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 1 


Notes :
1. Binary signals are represented with ±1 values


with the mapping +1 for ‘0’ and –1 for ‘1’.
Unused channels and gated-off symbols are
represented with zero values.


2. When the Reverse Common Control Channel or
Enhanced Access Channel is used, the only
additional channel is the Reverse Pilot Channel.


3. All of the pre-baseband-filter operations occur
at the chip rate of 1.2288 Mcps.
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Figure 2.1.3.1.1.1-20. Spreading Rate 1 I and Q Mapping for 4 
the Reverse Pilot Channel, the Reverse Secondary Pilot Channel, 5 


the Enhanced Access Channel, the Reverse Common Control Channel, 6 
the Reverse Packet Data Control Channel, the Reverse Request Channel, 7 


the Reverse Acknowledgment Channel, the Reverse Channel Quality Indicator 8 
Channel, the Reverse Traffic Channel with Radio Configurations 3 and 4, 9 


and the Reverse Packet Data Channel with Radio Configuration 7  10 
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Reverse Channel Radio Configuration 
 RC1 RC2 RC3 RC4 RC5 RC6 RC7 


Spreading Rate 1 1 1 1 3 3 1 


Rate Set, bps 
(R-FCCH) 


IS-95 low data 
rate ompatible 


 
1200, 2400, 
4800, 9600 


IS-95 high 
data rate 


compatible 
 


1800, 
3600,7200, 


14400 


1200, 
1350, 
1500, 
2400, 
2700, 
4800, 
9600, 


19200, 
38400, 
76800, 
153600 


307200 


1800, 3600, 
7200, 14400, 
28800, 57600, 


115200, 230400 
 


1x uplink max 
rate 


12500, 
1350, 
1500,  
2400, 
2700, 
4800, 
9600, 


19200, 
38400, 
76800, 
153600 


307200, 
614400 


1800, 
3600, 
7200, 


14400, 
28800, 
57600, 
115200, 
230400, 
460800 


1036800 
 


3x uplink 
max rate 


19200, 
40800, 
79200 


156000, 
309600, 
463200, 
616800, 
924000, 


1231200, 
1538400 


1845600 


sub packet data rate Code Rate 1/3 1/2 1/4 1/2 1/4 1/4 1/3 1/4 1/2 1/5 


Modulation 64-ray 
orthogonal 


64-ray 
orthogonal BPSK + pilot BPSK + pilot BPSK + pilot BPSK + pilot BPSK + 


pilot 
QPSK + 1 
or 2 pilots 


8-PSK + 1 
or 2 pilots 


SO2 
(≤ 5) 


Mux Opt 1 
FCCH       


SO9 
(≤ 5)  Mux Opt 2 


FCCH      


SO30 
(≤ 5) 


Mux Opt 
3: FSCCH 
1: RSCCH 


      


SO31 
(≤ 5)  


Mux Opt 
4: FSCCH 
2: RSCCH 


     


Mux Opt 1  
(SO 2) 


F-FCCH 


Mux Opt 1 
(SO 2) 


R-FCCH 


Mux Opt 1 
(SO 2) 


F-FCCH 


Loop Back 
Service 
Option 


(P_REV) 


SO55 
(≥ 6) 


Mux Opt 1 
(SO 2) 


F/R-FCCH 


Mux Opt 2 
(SO 9) 


F/R-FCCH 


Mux Opt 1 
(SO 2) 


F/R-FCCH Mux Opt 2 
(SO 9) 


R-FCCH 


Mux Opt 2 
(SO 9) 


F-FCCH 


Mux Opt 2 
(SO 9) 


R-FCCH 


Mux Opt 1 
(SO 2) 


F-FCCH 


Mux Opt 1 
F-FCH-DCCH 


Mux Opt 1 
R-FCH-DCCH 


Mux Opt 1 
F-FCH-DCCH Mux Opt 1 


F/R-
FCH/DCCH 


Mux Opt 2 
F/R-


FCH/DCCH 


Mux Opt 1 
F/R-FCH/DCCH Mux Opt 2 


R-FCH-DCCH 
Mux Opt 2 


F-FCH-DCCH 
Mux Opt 2 


R-FCH-DCCH 


Mux Opt 1 
F-FCH/DCCH 


Test Data 
Service 
Option 


SO32 


  F/R-SCH F/R-SCH F/R-SCH F/R-SCH F-SCH 
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Test Mode Forward Traffic Channel 
Radio Configuration 


Reverse Traffic Channel 
Radio Configuration 


1 1 1 
2 2 2 
3 3 3 
4 4 3 
5 5 4 
6 6 5 
7 7 5 
8 8 6 
9 9 6 
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Service Option Function 


1 
dynamic variable rate 2-way voice communications using encoded 
speech packets in Traffic channel frames at 9600, 4800, 2400 or 
1200 bps 


2 mobile station loopback service option for Forward Fundamental 
Code Channel with Multiplex Option 1 


3 
Enhanced Variable Rate Codec (EVRC) Speech Service Option for 
Wideband Spread Spectrum Digital Systems using variable-rate 2-
way voice communication 


4, 4100, 12 asynchronous data transmission  for wideband spread spectrum 
systems 


6 
The SMS Service Option described by this standard shall use 
service option number 6 and is called Service Option 6 when using 
Multiplex Option 1 


7, 4103, 15 packet service through an IWF supporting Internet standard PPP 
interface to network layer protocols 


8, 4104, 16 packet service through an IWF supporting CDPD data services over 
PPP interface to network layer protocols 


9 loopback service option for Forward Fundamental Code Channel 
with Multiplex Option 2 


5,  4101, 13 Group-3 facsimile transmission 


4, 5, 4100, 4101 Async data & Group-3 FAX service using default service 
configuration including Multiplex Option 1 data rates 


12, 13 Async data & Group-3 FAX service using default service 
configuration including Multiplex Option 2 data rates 


14 
The SMS Service Option described by this standard shall use 
service option number 6 and is called Service Option 6 when using 
Multiplex Option 2 


17 high rate speech (13K) for Wideband Spread Spectrum Digital 
Systems using variable-rate 2-way voice communication 


20, 21 Analog Group-3 FAX transmission 


22, 23, 24, 25 packet service through an IWF supporting Internet standard PPP 
interface to network layer protocols 


26, 27, 28, 29 packet service through an IWF supporting CDPD data services over 
PPP interface to network layer protocols 


30 mobile station loopback service option for Forward Supplemental 
Code Channel with Multiplex Option 3 


31 mobile station loopback service option for Forward Supplemental 
Code Channel with Multiplex Option 4 


32 Test Data Service Option (TDSO) 


33 packet service through a PDSN supporting internet standard PPP 
interface to network layer protocols 


34 packet service through an IWF supporting CDPD data services over 
PPP interface to network layer protocols 


35 The Position Determination Service Option described by this 
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standard shall use service option number 35 and is called Service 
Option 35 when using Multiplex Option 1 


36 
The Position Determination Service Option described by this 
standard shall use service option number 35 and is called Service 
Option 35 when using Multiplex Option 2 


54 Markov Service Option 


55 testing of Fundamental Channel for systems with all radio 
configurations and with P-REV 6 or higher 


56 
Selectable Mode Vocoder (SMV) for Wide band Spread Spectrum 
Communication systems using a variable-rate 2-way voice 
communication at 8.55 kbps max. 


60 variable rate Voice-over-IP (VOIP) for transport of header-removed 
IP/UDP/RTP packets carrying speech frames 


61 variable rate Voice-over-IP (VOIP) for transport of header-
compressed IP/UDP/RTP packets carrying speech frames 


62 


Source-Controlled Variable-Rate Multimode Wideband Speech 
Codec (VMR-WB) for Spread Spectrum Systems using variable-rate 
2-way voice communication, primarily for circuit-switched 
wideband voice calls 


63 initialization and call setup using MR-WB mode 4 or mode 4 with 
maximum half-rate 


66 packet service through a PDSN supporting internet standard PPP 
interface to network layer protocols 
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Table 3.1.2-1.  Service Options for CDMA Data Services 


 
  Base    


CDMA   Service  Service  Oldest  
data  Service  Option  Option  Defining  


service  Option  Number  Revision  Document  


4  4  0  TIA/EIA/IS-99  


4100  4  1  TIA/EIA/IS-707.4  async  


12  12  0  TIA/EIA/IS-707.4  


5  5  0  TIA/EIA/IS-99  


4101  5  1  TAI/EIA/IS-707.4  fax  


13  13  0  TIA/EIA/IS-707.4  


7  7  0  TIA/EIA/IS-657  


4103  7  1  TIA/EIA/IS-707.5  


8  8  0  TIA/EIA/IS-657  


4104  8  1  TIA/EIA/IS-707.5  


15  15  0  TIA/EIA/IS-707.5  


packet data 
bearer  


16  16  0  TIA/EIA/IS-707.5  


10  10  0  TIA/EIA/IS-707.6  
STU-III  


11  11  0  TIA/EIA/IS-707.6  


20  20  0  TIA/EIA/IS-707-A.7  
analog fax  


21  21  0  TIA/EIA/IS-707-A.7  


22  22  0  TIA/EIA/IS-707-A.9  


23  23  0  TIA/EIA/IS-707-A.9  


24  24  0  TIA/EIA/IS-707-A.9  


25  25  0  TIA/EIA/IS-707-A.9  


26  26  0  TIA/EIA/IS-707-A.9  


27  27  0  TIA/EIA/IS-707-A.9  


28  28  0  TIA/EIA/IS-707-A.9  


high speed 
packet data 


bearer  


29  29  0  TIA/EIA/IS-707-A.9  


33  33  0  TIA-707-B.12  cdma2000 
packet data 


bearer  34  34  0  TIA-707-B.11  
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Table 3.1.3-3 Supported Data Service Options and IS-2000 Radio Configurations 
 
Type of 
Service  Async, Fax  Analog Fax  Packet Data  Packet Data  Packet Data  


Supported 
Service 
Options  


4, 5, 12, 13, 
4100, 4101  20, 21  7, 8, 15, 16, 


4103, 4104  22-29  33, 34  


Supported RLP  RLP1  RLP1  RLP1  RLP2  RLP3  


Supported  
Multiplex  
Options  


0x1, 0x2 0x1, 0x2 0x1, 0x2 0x1-0x10 
0x1, 0x2, 
0x11 or 
greater 


Supported 
Radio 


Configurations  


IS-95: RC1, 
RC2 


IS-2000: 
RC>2 


IS-95: RC1, 
RC2 


IS-2000: 
RC>2 


IS-95: RC1, 
RC2 


IS-2000: 
RC>2 


IS-95-B: 
RC1, RC2 


IS-2000: 
RC>2 


 
 
• Service Option 1, a variable rate, two-way speech service option 


o Service Option 1 provides two-way voice communications between the 
base station and the mobile station using the dynamically variable data 
rate speech codec algorithm described in this standard.  The transmitting 
speech codec takes voice samples and generates an encoded speech packet 
for every Traffic Channel frame.  The receiving station generates a speech 
packet from every Traffic Channel frame and supplies it to the speech 
codec for decoding into voice samples.  The two speech codecs 
communicate at one of four rates corresponding to the 9600 bps, 4800 bps, 
2400 bps, and 1200 bps frame rates. 


• The Mobile Station Loopback service option described by this standard shall use 
service option number 2 and is called Service Option 2 when using the Forward 
Fundamental Code Channel with Multiplex Option 1 


• Enhanced Variable Rate Codec (EVRC), Speech Service Option 3 for Wideband 
Spread Spectrum Digital Systems, a variable-rate two-way speech service option


• The Mobile Station Loopback service option described by this standard shall use 
service option number 9 and is called Service Option 9 when using the Forward 
Fundamental Code Channel with Multiplex Option 2 


• Service Options 4, 4100 and 12 provide asynchronous (abbreviated as “async” 
hereafter) data transmission capability on CDMA2000® wideband spread 
spectrum systems using the protocols and procedures defined herein 
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• Service Options 5, 4101 and 13 provide Group-3 facsimile (abbreviated as “fax” 
hereafter) transmission capability for these systems. 


• Service Options 4, 5, 4100 and 4101 provide async data and group 3 fax service 
using a default service configuration including Multiplex Option 1 data rates. 
Service Options 12 and 13 provide async data and group 3 fax service using a 
default service configuration including Multiplex Option 2 data rates.  Other 
combinations of service configuration attributes are available for service options 4, 
5, 4100, 4101, 12, and 13 through the use of service negotiation procedures. 


• Service Options 7, 4103 and 15 are used to request packet data service through an 
IWF supporting an Internet standard Point-to-Point Protocol (PPP) interface to 
network layer protocols (see 4.1 and 4.2).   


• Service Option 8, 4104 and 16 are used to request packet data service through an 
IWF supporting CDPD data services over a PPP interface (see 4.3).  Additional 
packet data service options may be defined in future revisions to select other types 
of IWF resources or services 


• High Rate Speech (13k) Service Option 17 for Wide Band Spread Spectrum 
Communication Systems, a two-way speech service option


• Service Options 20 and 21 provide Analog Group-3 facsimile (abbreviated as 
“fax” hereafter) transmission on cdma2000®wideband spread spectrum systems 
using the protocols and procedures defined herein 


• Service Options 22, 23, 24, and 25 are used to request packet data service through 
an IWF supporting an Internet standard Point-to-Point Protocol (PPP) interface to 
network layer protocols 


• Service Options 26, 27, 28, and 29 are used to request packet data service through 
an IWF supporting CDPD data services over a PPP interface 


• The Mobile Station Loopback service option described by this standard shall use 
service option number 30 and is called Service Option 30 when using the Forward 
Supplemental Code Channel with Multiplex Option 3 


• The Mobile Station Loopback service option described by this standard shall use 
service option number 31 and is called Service Option 31 when using the Forward 
Supplemental Code Channel with Multiplex Option 4 


• The TDSO described by this specification shall use service option number 32 
• Service Option 33 is used to request packet data service through a PDSN 


supporting an Internet standard Point-to-Point Protocol (PPP) interface to network 
layer protocols.   


• Service Option 34 is used to request packet data service through an IWF 
supporting CDPD data services over a PPP interface 


• The Markov Service Option shall use service option number 54 
• Service Option 55 allows testing of the Fundamental Channel for systems with all 


radio configurations, and with P_REV equal to 6 or higher.  Based on the service 
option number 55 and the preferred RC indicated during call set-up, the correct 
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multiplex option can be derived without ambiguity.  When Service Option 55 is 
used with Multiplex Option 0x01, most of the mobile station procedures for 
Service Option 2 apply.  When Service Option 55 is used with Multiplex Option 
0x02, most of the mobile station procedures for Service Option 9 apply 


• Selectable Mode Vocoder (SMV), Service Option 56 for Wide Band Spread 
Spectrum Communication Systems, a variable-rate two-way speech service option.  
The maximum speech-coding rate of the service option is 8.55 kbps 


• Service Option 60 (SO60) defines a variable rate Voice-over-IP (VoIP) service 
option for transport of header-removed IP/UDP/RTP packets carrying speech 
frames


• Service Option 61 (SO61) defines a variable rate Voice-over-IP (VoIP) service 
option for transport of header-compressed IP/UDP/RTP packets carrying speech 
frames


• Service Option 62, the source-controlled variable-rate multimode wideband 
speech codec (VMR-WB), provides two-way voice communication between the 
base station and the mobile station using the dynamically variable data rate speech 
codec algorithm described in this standard.  Furthermore Service Option 62 shall 
be the primary Service Option for circuit-switched wideband voice calls in 
cdma2000® terminals that support VMR-WB codec.  The applications and call 
setup using the AMR-WB interoperable mode are beyond the scope of this 
document.  In addition, Service Option number 63 shall be used for initialization 
and call set up using VMR-WB mode 4 or mode 4 with maximum half-rate, and 
shall be called Service Option 63 


• Service Option 33 and Service Option 66 are used to request packet data service 
through a PDSN supporting an Internet standard Point-to-Point Protocol (PPP) 
interface to network layer protocols 


 



Kwok.Chan

Underline









FCC
File Attachment
Service Options



October 2006 CDMA 2000 SAR Procedures 55

Output PowerOutput Power
verify maximum output power
– on high, middle and low channels
– according to 3GPP2 C.S0011 / TIA-98-E, Sec. 4.4.5
– to determine SAR test configurations

power measurement configurations
– Test Mode 1, SO55, RC1, Traffic Channel @ 9600 bps
– Test Mode 3, SO55 or SO32, RC3, FCH @ 9600 bps
– Test Mode 3, SO32, RC3, FCH+SCH @ 9600 bps
– other configurations supported by the DUT
– power control

• Bits Hold for FCH+SCH
• otherwise All Bits Up

Output Power FCH-SCH Power 
Control

FCH+SCH Output




Maximum RF Output Power 


Method of Measurement (3GPP2 C.S0011: 4.4.5.2):  


Figures & Tables 
(C.S0011)


 
1. Connect the base station to the mobile station antenna connector as shown in Figure 6.5.1-4 


(C.S0011).  The AWGN generator and the interference generator are not applicable in this 
test.   


2. For each band class that the mobile station supports, configure the mobile station to operate 
in that band class and perform steps 3 through 35. 


3. If the mobile station supports Reverse Traffic Channel Radio Configuration 1 and Forward 
Traffic Channel Radio Configuration 1, set up a call using Fundamental Channel Test Mode 
1 with 9600 bps data rate only and perform steps 6 through 8. 


4. If the mobile station supports the Radio Configuration 3 Reverse Fundamental Channel and 
demodulation of Radio Configuration 3, 4, or 5, set up a call using Fundamental Channel 
Test Mode 3 with 9600 bps data rate only and perform steps 6 through 8. 


5. If the mobile station supports the Radio Configuration 3 Reverse Dedicated Control Channel 
and demodulation of Radio Configuration 3, 4, or 5, set up a call using Dedicated Control 
Channel Test Mode 3 with 9600 bps data rate and 100% frame activity and perform steps 6 
through 8. 


6. Set the test parameters as specified in Table 4.4.5.2-1 (C.S0011). 
7. Send continuously ‘0’ power control bits to the mobile station.  (All bits UP) 
8. Measure the mobile station output power at the mobile station antenna connector. 
9. If the mobile station supports the Radio Configuration 3 Reverse Fundamental Channel, 


Radio Configuration 3 Reverse Dedicated Control Channel and demodulation of Radio 
Configuration 3, 4, or 5, set up a call using Fundamental Channel Test Mode 3 with 1500 
bps Fundamental Channel data rate only and 9600 bps Dedicated Control Channel with 
100 % frame activity, and perform steps 12 through 19. 


10. If the mobile station supports the Radio Configuration 3 Reverse Fundamental Channel, 
Radio Configuration 3 Reverse Supplemental Channel 0 and demodulation of Radio 
Configuration 3, 4, or 5, set up a call using Supplemental Channel Test Mode 3 with 9600 
bps Fundamental Channel and 9600 bps Supplemental Channel 0 data rate, and perform 
steps 12 through 19. 


11. If the mobile station supports the Radio Configuration 3 Reverse Dedicated Control Channel, 
Radio Configuration 3 Reverse Supplemental Channel 0 and demodulation of Radio 
Configuration 3, 4, or 5, set up a call using Supplemental Channel Test Mode 3 with 9600 
bps Dedicated Control Channel with 100% frame activity and 9600 bps Supplemental 
Channel 0 data rate, and perform steps 12 through 19. 


12. Set the test parameters as specified in Table 4.4.5.2-2 (C.S0011). 
13. Send alternating ‘0’ and ‘1’ power control bits to the mobile station using the smallest 


supported closed loop power control step size supported by the mobile station.  (Note: all 
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bits UP disables SCH; SCH turn off threshold may differ from SCH turn on threshold by 
several dB depending on data rate) 


14. Determine the active channel configuration.  If the desired channel configuration is not 
active, increase Îor by 1 dB and repeat the verification.  Repeat this step until the desired 
channel configuration becomes active. 


15. Measure the mobile station output power at the mobile station antenna connector. 
16. Decrease Îor by 0.5 dB. 
17. Determine the active channel configuration.  If the active channel configuration is the 


desired channel configuration, measure the mobile station output power at the mobile station 
antenna connector. 


18. Repeat steps 16 and 17 until the output power no longer increases or the desired channel 
configuration is no longer active.  Record the highest output power achieved with the 
desired channel configuration active. 


19. Repeat steps 12 through 18 ten times and average the results. 
20. If the mobile station supports the Radio Configuration 5 Reverse Fundamental Channel and 


demodulation of Radio Configuration 6, 7, 8, or 9, set up a call using Fundamental Channel 
Test Mode 7 with 9600 bps data rate only and perform steps 22 through 24. 


21. If the mobile station supports the Radio Configuration 5 Reverse Dedicated Control Channel 
and demodulation of Radio Configuration 6, 7, 8, or 9, set up a call using Dedicated Control 
Channel Test Mode 7 with 9600 bps data rate and 100% frame activity and perform steps 22 
through 24. 


22. Set the test parameters as specified in Table 4.4.5.2-3 (C.S0011). 
23. Send continuously ‘0’ power control bits to the mobile station.  (All bits UP) 
24. Measure the mobile station output power at the mobile station antenna connector. 
25. If the mobile station supports the Radio Configuration 5 Reverse Fundamental Channel, 


Radio Configuration 5 Reverse Dedicated Control Channel and demodulation of Radio 
Configuration 6, 7, 8, or 9, set up a call using Fundamental Channel Test Mode 7 with 1500 
bps Fundamental Channel data rate only and 9600 bps Dedicated Control Channel with 
100 % frame activity, and perform steps 28 through 35. 


26. If the mobile station supports the Radio Configuration 5 Reverse Fundamental Channel, 
Radio Configuration 5 Reverse Supplemental Channel 0 and demodulation of Radio 
Configuration 6, 7, 8, or 9, set up a call using Supplemental Channel Test Mode 7 with 9600 
bps Fundamental Channel and 9600 bps Supplemental Channel 0 data rate, and perform 
steps 28 through 35. 


27. If the mobile station supports the Radio Configuration 5 Reverse Dedicated Control Channel, 
Radio Configuration 5 Reverse Supplemental Channel 0 and demodulation of Radio 
Configuration 6, 7, 8, or 9, set up a call using Supplemental Channel Test Mode 7 with 9600 
bps Dedicated Control Channel with 100% frame activity and 9600 bps Supplemental 
Channel 0 data rate, and perform steps 28 through 35. 


28. Set the test parameters as specified in Table 4.4.5.2-4 (C.S0011). 
29. Send alternating ‘0’ and ‘1’ power control bits to the mobile station using the smallest 


supported closed loop power control step size supported by the mobile station.  (Note: all 
bits UP disables SCH; SCH turn off threshold may differ from SCH turn on threshold by 
several dB depending on data rate) 
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30. Determine the active channel configuration.  If the desired channel configuration is not 
active, increase Îor by 1 dB.  Repeat this step until the desired channel configuration 
becomes active. 


31. Measure the mobile station output power at the mobile station antenna connector. 
32. Decrease Îor by 0.5 dB. 
33. Determine the active channel configuration.  If the active channel configuration is the 


desired channel configuration, measure the mobile station output power at the mobile station 
antenna connector. 


34. Repeat steps 32 and 33 until the output power no longer increases or the desired channel 
configuration is no longer active.  Record the highest output power achieved with the 
desired channel configuration active.  


35. Repeat steps 28 through 34 ten times and average the results. 
 
For each radio configuration that the mobile station supports, the maximum output power of each 
mobile station class shall be such that the maximum radiated power for the mobile station class 
using the antenna gain recommended by the mobile station manufacturer is within the limits 
specified in Table 4.4.5.3-1.  The antenna gain is determined using the Radiated Signal 
Measurement Procedures (see 2.6 of C.S0011) and calculating the antenna gain for EIRP or ERP 
as appropriate.  When the mobile station is transmitting using one of the test mode channel 
configurations specified in Table 4.4.5.3-2, the maximum output power requirements of the 
mobile station specified in Table 4.4.5.3-1 may be reduced by the applicable output power 
backoff allowance specified in Table 4.4.5.3-2.  (See above attachment or C.S0011 for Tables) 
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Test Data Service SO32, SCH0 active, 9.6 kbps, Power Ctrl: Auto  
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Test Data Service SO32, SCH0 active, 9.6 kbps, Power Ctrl: All Up  
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Test Data Service SO32, SCH0 active, 76.8 kbps, Power Ctrl: Auto  
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Test Data Service SO32, SCH0 active, 153.6 kbps, Power Ctrl: Auto  
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Head SARHead SAR
measure in RC3
– at full rate with Loopback SO55
– according to applicable requirements

• in Supplement C 01-01 & IEEE 1528
measure in RC1 on the maximum output channel
– only if maximum average output ≥ ¼ dB higher than 

RC3
– use the exposure configuration that result in the highest 

SAR for that channel in RC3
• highest SAR configuration among left & right side, 

touch & tilt positions with antenna extended and 
retracted



October 2006 CDMA 2000 SAR Procedures 77

Body SARBody SAR
measure in RC3 at full rate using TDSO SO32 with
– FCH only (may use SO55 instead of SO32)
– FCH + SCH (must use TDSO SO32)

• only if the maximum average output power ≥ ¼ dB 
higher than with FCH only

• use the exposure configuration that result in the highest 
SAR for that channel with FCH only

• monitor output fluctuations and SCH dropout
measure in RC1
– only if the maximum average output power ≥ ¼ dB higher 

than RC3 FCH only & FCH + SCH
– use the body exposure configuration that result in the highest 

SAR, with antenna extended and retracted, for that 
channel in RC3
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EvEv--DoDo
Procedures for Rev. 0 & Rev. A (IS-856 / TIA-856-A) 
– Ev-Do & 1x RTT may roam but not simultaneously active

measure SAR
– with established radio link through call processing 
– or use chipset based Factory Test Mode (FTM) with communication 

test set and no call processing
configure DUT according to
– FTAP/RTAP (C.S0029-0) and Subtype 0/1 PHY configurations
– FETAP/RETAP (C.S0029-A) and Subtype 2 PHY configurations
– maximum output power procedures in C.S0033

SAR in 1x RTT & Ev-Do Rev. A are selectively confirmed
– according to output power and exposure conditions

Channel 
Configuration

Downlink Coding Uplink CodingUplink Channel 
Structure
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Medium
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Reverse 
Power 
Control 
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Data 
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Reverse
Rate 


Indicator


AccessTrafficControlTraffic 
Medium 
Access 
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Pilot 


Diagram 1 – 1xEV Channel Structure 


2.3 1xEV Forward Link 


2.3.1 Shared Forward Link Channel 


The 1xEV design employs a shared forward link and can serve a user at any instant.  
When being served, an Access Terminal receives the full power of the cell 
transmitter (Diagram 2).  The Access Terminal calculates its C/I and tells the Access 
Point the highest data rate it can receive information.  This allows the Access Point 
transmitter to operate at full power and transmit data at the highest data rate each 
Access Terminal requests.   


There are additional benefits of a shared forward link.  The scheduling algorithm 
takes advantage of multiple users and optimizes the data transmission on the 
forward link.  As more subscribers access the 1xEV system, the scheduler assists in 
improving the traffic flow by fairly scheduling data to each subscriber (see section 
2.5).  The improved efficiency actually increases the subscriber’s average 
throughput. 


 


 6









FCC
File Attachment
Channel Configuration




Traffic Channel consists of a Pilot Channel, a MAC Channel, an ACK Channel, and 
a Data Channel.  The MAC Channel contains a DRC Channel and an RRI Channel.  
The ACK Channel is used by the Access Terminal to inform the Access Network 
whether the data packet transmitted on the Forward Traffic Channel has been 
received successfully or not. 


Total reverse link capacity is 200 kbps/sector (2.2 times that of IS-95A).  This 
increased capacity is achieved by taking advantage of turbo coding, gaining 
diversity from the longer packet size (26.67 ms), and the Pilot channel. 


2.6.1 Reverse Link Channel Structure 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


16 Slots = 26 67 ms


1/2 Slot 


16 Slots = 26 67 ms
1.67 ms


I-Phase 
User 1 
Pilot/ 
RRI 


16 Slots = 26 67 ms
1.67 ms


1.67 ms


Q-
Phase 
User 1 
Traffic 
Packet


16 Slots = 26 67 ms


1.67 ms 


1 Slot = 2048 Chips
Pilot Channel


Q-
Phase 
User 1 
DRC 


I-Phase
User 1 
ACK 


RRI 256 Chips 256 Chips 


Diagram 11 –1xEV Reverse Channel Structure 


The reverse link provides a Reverse Rate Indicator (RRI), which aids the Access 
Point in determining the rate at which the reverse link is sending data.  The RRI is 
included as the preamble for reverse link frames, indicating the rate at which the 
data was sent. 
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data transmissions that may be occurring at the same time as the pilot.  This results 
in a high Signal-to-Noise ratio for the pilot signal, which aids in rapid C/I 
estimation. 


2.3.3 Forward Link Adaptive Modulation 


The 1xEV forward link offers a range of different data rates.  The data rates match 
the range of channel conditions experienced in a typical cellular/PCS networks. 


QPSK modulation is used to achieve 38.4 kbps through 1,228.8 kbps data rates (with 
the exception of 921.6 kbps), 8-PSK for 921.6 kbps and 1,843.2 kbps, and  
16-QAM for 1,228.8 kbps and 2,457.6 kbps.  


 


 
 


 


 


 


 


Table 1: 1xEV Forward Link 


Data Rates (kbps)


Modulation Type


Bits per
Encoder Packet


Code Rate


Encoder Packet
Duration (ms)


Number of Slots


38.4 76.8 153.6 307.2    307.2 614.4 614.4 921.6   1228.8    1228.8     1843.2  2457.6


QPSK QPSK QPSK    QPSK  QPSK QPSK QPSK 8 PSK    QPSK 16QAM    8 PSK  16QAM


1024 1024 1024 1024 2048 1024 2048 3072 2048 4096 3072       4096


1/5 1/5 1/5 1/5 1/3 1/3 1/3 1/3 1/3 1/3 1/3          1/3


26.67 13.33 6 .67 3.33 6.67 1.67 3.33 3.33 1.67 3.33           1.67 1.67 


16 8 4 2 4 1 2 2 1 2 1             1


Physical Layer Parameters


Data Rates (kbps)


Modulation Type


Bits per
Encoder Packet


Code Rate


Encoder Packet
Duration (ms)


Number of Slots


38.4 76.8 153.6 307.2    307.2 614.4 614.4 921.6   1228.8    1228.8     1843.2  2457.6


QPSK QPSK QPSK    QPSK  QPSK QPSK QPSK 8 PSK    QPSK 16QAM    8 PSK  16QAM


1024 1024 1024 1024 2048 1024 2048 3072 2048 4096 3072       4096


1/5 1/5 1/5 1/5 1/3 1/3 1/3 1/3 1/3 1/3 1/3          1/3


26.67 13.33 6 .67 3.33 6.67 1.67 3.33 3.33 1.67 3.33           1.67 1.67 


16 8 4 2 4 1 2 2 1 2 1             1


Physical Layer Parameters


The 1xEV forward link supports dynamic data rates.  The Access Terminal 
constantly measures the channel C/I, then requests the appropriate data rate for the 
channel conditions every 1.67 ms.  The Access Point receives the Access Terminal’s 
request for a particular data rate, and encodes the forward link data at exactly the 
highest rate that the wireless channel can support at the requested instant.  Just 
enough margin is included to allow the Access Terminal to decode the data with a 
low erasure rate.  In this manner, as the subscriber’s application needs and channel 
conditions vary, the optimum data rate is determined and served to the user 
dynamically.  In summary the following steps are performed: 


(a) Accurate and rapid measurement of the received C/I from the set of best-
serving sectors 


(b) Selection of the best serving sector 


(c) Request of transmission at the highest possible data rate that can be received 
with high reliability given the measured C/I 
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2.6.2 Reverse Link Modulation 


The 1xEV reverse link supports several data rates. 


 


 


 


 


 


 


 


 


** The data rate of the Access Channel is fixed at 9.6kbps.  The Traffic Channel uses the above Modulations. 


Data Rates (kbps)


Modulation Type


Bits per Encoder Packet


Code Rate


Encoder Packet
Duration (ms)


Number of Slots


9.6 19.2 38.4 76.8 153.6


BPSK BPSK BPSK BPSK BPSK


256 512 1024 2048 4096


1/4 1/4 1/4 1/4 1/2


26.67 26.67 26.67 26.67 26.67 


16 16 16 16 16


Physical Layer Parameters


Data Rates (kbps)


Modulation Type


Bits per Encoder Packet


Code Rate


Encoder Packet
Duration (ms)


Number of Slots


9.6 19.2 38.4 76.8 153.6


BPSK BPSK BPSK BPSK BPSK


256 512 1024 2048 4096


1/4 1/4 1/4 1/4 1/2


26.67 26.67 26.67 26.67 26.67 


16 16 16 16 16


Physical Layer Parameters


Table 3: 1xEV Reverse Link 


2.7 1xEV Signaling 


The 1xEV layered architecture enables a modular design that allows partial updates 
to protocols, software, and independent protocol negotiation. 


The following are the 1xEV protocol stack layers: 


¾ Physical Layer: The Physical Layer provides the channel structure, frequency, 
power output, modulation, and encoding specifications for the Forward and 
Reverse link channels. 


¾ MAC Layer: The Medium Access Control layer defines the procedures used to 
receive and transmit over the Physical Layer. 


¾ Security Layer: The Security Layer provides authentication and encryption 
services. 


¾ Connection Layer: The Connection Layer provides airlink connection 
establishment and maintenance services. 


¾ Session Layer: The Session Layer provides protocol negotiation, protocol 
configuration, and session state maintenance services. 


¾ Stream Layer: The Stream Layer provides multiplexing of distinct application 
streams. 


 18







 
Data Channel Modulation Formats 


 
Modulation 


Format (Modulation, Walsh Function) 


B4 (BPSK, W2
4) 


Q4 (QPSK, W2
4) 


Q2 (QPSK, W1
2) 


Q4Q2 (QPSK, W2
4) + (QPSK, W1


2) 


E4E2 (8-PSK, W2
4+ (8-PSK, W1


2) 
 


Data Rate and Modulation Parameters for the Reverse Traffic Channel 
 


Effective Data Rate (kbps) Code Rate [Repetition] Payload 
Size 


(bits) 
Modulation After 4 


Slots 
After 8 
Slots 


After 
12 


Slots 


After 
16 


Slots 


After 4 
Slots 


After 
8 


Slots 


After 
12 


Slots 


After 
16 


Slots 


128 B4 19.2 9.6 6.4 4.8 1/5 
[3.2] 


1/5 
[6.4] 


1/5 
[9.6] 


1/5 
[12.8] 


256 B4 38.4 19.2 12.8 9.6 1/5 
[1.6] 


1/5 
[3.2] 


1/5 
[4.8] 


1/5 
[6.4] 


512 B4 76.8 38.4 25.6 19.2 1/4 [1] 1/5 
[1.6] 


1/5 
[2.4] 


1/5 
[3.2] 


768 B4 115.2 57.6 38.4 28.8 3/8 [1] 1/5 
[1.07] 


1/5 
[1.6] 


1/5 
[2.13] 


1024 B4 153.6 76.8 51.2 38.4 1/2 [1] 1/4 [1] 1/5 
[1.2] 


1/5 
[1.6] 


1536 Q4 230.4 115.2 76.8 57.6 3/8 [1] 1/5 
[1.07] 


1/5 
[1.6] 


1/5 
[2.13] 


2048 Q4 307.2 153.6 102.4 76.8 1/2 [1] 1/4 [1] 1/5 
[1.2] 


1/5 
[1.6] 


3072 Q2 460.8 230.4 153.6 115.2 3/8 [1] 1/5 
[1.07] 


1/5 
[1.6] 


1/5 
[2.13] 


4096 Q2 614.4 307.2 204.8 153.6 1/2 [1] 1/4 [1] 1/5 
[1.2] 


1/5 
[1.6] 


6144 Q4Q2 921.6 460.8 307.2 230.4 1/2 [1] 1/4 [1] 1/5 
[1.2] 


1/5 
[1.6] 


8192 Q4Q2 1228.8 614.4 409.6 307.2 2/3 [1] 1/3 [1] 2/9 
[1] 


1/5 
[1.2] 


12288 E4E2 1843.2 921.6 614.4 460.8 2/3 [1] 1/3 [1] 1/3 
[1.5] 


1/3 
[2] 
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Output PowerOutput Power
configure measurements according to
– C.S0033-0 / TIA-866 for Rev. 0

• FTAP: 2 slot version of 307.2 kbps; ACK in all slots
• RTAP: 153.6 kbps in Subtype 0/1 PHY configuration

– C.S0033-A for Rev. A
• FETAP: 2 slot version of 307.2 kbps with ACK in all slots
• RETAP: 4096 bits payload with 16 slot termination target 

in Subtype 2 PHY configuration

power control
– ‘All Bits Up’ in both FTM & call processing modes
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Head & Body SARHead & Body SAR
body SAR
– is required for Rev. 0 in Subtype 0/1 PHY 

configuration
– is NOT required for  Rev. A when the maximum 

average output power in Subtype 2 PHY 
configuration is less than in Subtype 0/1

• otherwise, measure SAR on the maximum output 
channel using the exposure configuration that result in 
the highest SAR for that channel in Rev. 0

head SAR is NOT required unless
– device supports VOIP for operations next to ear
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EvEv--Do & 1x RTTDo & 1x RTT
1x RTT SAR is NOT required for Ev-Do devices
– when the maximum average output power for 1x RTT < ¼

dB higher than Subtype 0/1
• otherwise, measure body SAR with CDMA 2000 procedures

SAR is NOT required for handsets with built-in Ev-Do
– when the maximum average output power for Ev-Do Rev. 0 

< ¼ dB higher than 1x RTT in RC3
• otherwise test SAR in Subtype 0/1 PHY configuration on the 

maximum output channel using the exposure configuration that 
result in the highest SAR for that channel in RC3

– when the maximum average output power for Ev-Do Rev. A 
< Rev. 0 or < ¼ dB higher than 1x RTT RC3

• otherwise test SAR in Subtype 2 PHY configuration on the 
maximum output channel using the exposure configuration that 
result in the highest SAR for that channel
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WCDMAWCDMA
procedures for Release 99 & Release 5 handsets with
– WCDMA only
– WCDMA and built-in HSDPA

head and body SAR is measured with 
– established radio link through call processing
– 12.3 kbps RMC and Test Loop Mode 1 

SAR is selectively confirmed for other physical channel 
configurations (DPCCH & DPDCHn)
– according to output power, exposure conditions and device 

operating capabilities

UE OptionsChannel Structure Channelization 
Code

AMR




 
 


I Σ


j 


cd,1 βd 


I+jQ 


DPDCH1 


Q 


cd,3 βd 


DPDCH3 


cd,5 βd 


DPDCH5 


cd,2 βd 


DPDCH2 


cd,4 βd 


 


cc βc 


DPCCH 


Σ


Sdpch


DPDCH4 


cd,6 βd 


 DPDCH6 


 


Spreading for uplink DPCCH/DPDCHn 


 





FCC
File Attachment
Channel Structure




 


 Channel Bit 
Rate (kbps) 


Channel 
Symbol Rate 


(ksps) 


Spreading 
Factor 


Spreading 
Code Number 


Bits/Slot 


DPCCH 15 15 256 0 10 


15 15 256 64 10 


30 30 128 32 20 


60 60 64 16 40 


120 120 32 8 80 


240 240 16 4 160 


480 480 8 2 320 


DPDCH1 


960 960 4 1 640 


DPDCHn 960 960 4 1, 2, 3 640 
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Codec mode Source codec bit-rate Note 


AMR_12.20 12,20 kbps (GSM EFR) 


AMR_10.20 10,20 kbps 


AMR_7.95 7,95 kbps 


AMR_7.40 7,40 kbps (IS-641) 


AMR_6.70 6,70 kbps (PDC-EFR) 


AMR_5.90 5,90 kbps 


AMR_5.15 5,15 kbps 


AMR_4.75 4,75 kbps 


AMR_SID 1,80 kbps (see note 1) 


1. Assuming SID frames are 
continuously transmitted 


2. GSM-EFR is the 3GPP TS 26.090 
Enhanced Full Rate Speech Codec 
(also identical to the TIA TDMA-
US1 Enhanced speech codec) 


3. IS-641is the TIA/EIA IS-641 
TDMA Enhanced Full Rate Speech 
Codec 


4. PDC-EFR is the ARIB 6.7 kbps 
Enhanced Full Rate Speech Codec 
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Output PowerOutput Power
verify maximum output power
– on high, middle and low channels
– according to 3GPP TS 34.121, Sec. 5.2
– using appropriate RMC or AMC with TPC set to 

all “1’s”

power measurement configurations
– 12.2 kbps RMC and 12.2 kbps AMC
– other configurations supported by the DUT

• 64, 144, 384, 768 kbps RMC
• DPDCH2 … 6 when applicable

12.2 RMC




Table C.2.1.1: 12.2 kbps UL RMC physical parameters 
 


Parameter Level Unit 
Information bit rate 1 kbps 
DPDCH 60 kbps 
DPCCH 15 kbps 
DPCCH Slot Format #i 0 - 
DPCCH/DPDCH power ratio −5,46 dB 
TFCI On - 
Repetition 23 % 
NOTE: Slot Format #2 is used for closed loop tests in clause 7.6.2. Slot Format #2 and #5 are used for site 


selection diversity transmission tests in subclause 7.6.3. 
 


Table C.2.1.2: 12.2 kbps UL RMC transport channel parameters (RLC-TM for DTCH) 
 


Higher 
Layer RAB/Signaling RB RAB SRB 


Logical channel type DTCH DCCH 


RLC mode TM UM/AM 


Payload sizes, bit 244 88/80 


Max data rate, bps 12200 2200/2000 


PDU header, bit N/A 8/16 


RLC 


TrD PDU header, bit 0 N/A 


MAC header, bit 0 4 
MAC 


MAC multiplexing N/A Yes 


TrCH type DCH DCH 


Transport Channel Identity 1 5 


TB sizes, bit 244 100 


TF0, bits 0*244 0*100 
TFS 


TF1, bits 1*244 1*100 


TTI, ms 20 40 


Coding type Convolution 
Coding 


Convolution 
Coding 


Coding Rate 1/3 1/3 


CRC, bit 16 12 


Layer 1 


Max number of bits/TTI after 
channel coding 804 360 



Kwok.Chan

Rectangle







Uplink: Max number of bits/radio 
frame before rate matching 402 90  


RM attribute 256 256 
 


Table C.2.1.3: 12.2 kbps UL RMC transport channel parameters (RLC-AM for DTCH) 
 


Higher 
Layer RAB/Signaling RB RAB SRB 


Logical channel type DTCH DCCH 


RLC mode AM UM/AM 


Payload sizes, bit 228 88/80 


Max data rate, bps 11400 2200/2000 


PDU header, bit 16 8/16 


RLC 


TrD PDU header, bit N/A N/A 


MAC header, bit 0 4 
MAC 


MAC multiplexing N/A Yes 


TrCH type DCH DCH 


Transport Channel Identity 1 5 


TB sizes, bit 244 100 


TF0, bits 0*244 0*100 
TFS 


TF1, bits 1*244 1*100 


TTI, ms 20 40 


Coding type Convolution 
Coding 


Convolution 
Coding 


Coding Rate 1/3 1/3 


CRC, bit 16 12 
Max number of bits/TTI after 


channel coding 804 360 


Uplink: Max number of bits/radio 
frame before rate matching 402 90 


Layer 1 


RM attribute 256 256 
 


Table C.2.1.4: UL reference measurement channel, TFCS (12.2 kbps) 
 


TFCS size 4 


TFCS (DTCH, DCCH)= 
(TF0, TF0), (TF1, TF0), (TF0, TF1), (TF1, TF1) 


 
NOTE: The TFCs except for (TF1, TF1) are belonging to minimum set of TFCs. 







 


60kbps DPDCH


Conv. Coding R=1/3


Radio frame FN=4N+1 Radio frame FN=4N+2 Radio frame FN=4N+3Radio frame FN=4N


Information data


CRC attachment


Tail bit attachment


Rate matching


2nd  interleaving
600


490 110 490 110 490 110 490


SMU#1  490 SMU#2  490 SMU#1
 110


SMU#2
 110


SMU#3
110


SMU#4
 110


600 600 600


402


804


260
Tail8


CRC16


244


244


110


360


360


112
Tail8


100
CRC12


1st interleaving


Radio Frame Segmentation


CRC attachment


Information data


Tail bit attachment


Conv. Coding R=1/3


Rate matching


1st interleaving


DTCH DCCH


804


402


SMU#1  490 SMU#2  490


90 90 90 90


15kbps DPCCH


100
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Head SARHead SAR
measured in 12.2 kbps RMC
– according to applicable requirements

• in Supplement C 01-01 & IEEE 1528

SAR is NOT required for AMC
– when the maximum average output power for 12.2 kbps 

AMC < ¼ dB higher than 12.2 kbps RMC
– otherwise, measure SAR on the maximum output 

channel in 12.2 kbps AMC with a 3.4 kbps SRB
• use the exposure configuration that result in the highest 

SAR for that channel in 12.2 kbps RMC
– highest SAR configuration among left & right side, touch 

& tilt positions with antenna extended and retracted
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Body SARBody SAR
measured in 12.2 kbps RMC
SAR is NOT required for other spreading codes 
and multiple DPDCHn supported by the device
– when the maximum output for each of these other 

configurations < ¼ dB higher than 12.2 kbps RMC
– otherwise, measure SAR on the maximum output 

channel in each of these configurations
• use the body exposure configuration that result in 

the highest SAR, with antenna extended and 
retracted, for that channel in 12.2 kbps RMC
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HSDPAHSDPA
procedures for Release 5 
– HSDPA is an integral part of WCDMA
– HSDPA & WCDMA are simultaneously active

measured SAR
– with established radio link through call processing
– or chipset based Factory Test Mode (FTM) with 

communication test set and no call processing
– in WCDMA with 12.2 kbps RMC and Test Loop Mode 1 
– in HSDPA with FRC and 12.2 kbps RMC using the 

highest SAR configuration in WCDMA
SAR is selectively confirmed for other physical channel 
configurations (DPCCH & DPDCHn)
– according to output power, exposure conditions and 

device operating capabilities

HSDPA H-Set 1




 
 


I Σ


j 


cd,1 βd 


Sdpch,n 


I+jQ 


DPDCH1 


Q 


cd,3 βd 


DPDCH3 


cd,5 βd 


DPDCH5 


cd,2 βd 


DPDCH2 


cd,4 βd 


 


cc βc 


DPCCH 


Σ


S 


chs 


HS-DPCCH 
(If Nmax-dpdch mod 2 = 1) 


DPDCH4 


chs 


HS-DPCCH 
(If Nmax-dpdch mod 2 = 0) 


βhs 


βhs 


cd,6 βd 


 DPDCH6 


 







 


HS-DSCH 
Category 


Maximum 
HS-DSCH 


Codes 
Received 


Minimum 
Inter-TTI 
Interval 


Maximum HS-DSCH 
Transport Block Bits/HS-


DSCH TTI 
Total Soft Channel Bits 


1 5 3 7298 19200 


2 5 3 7298 28800 


3 5 2 7298 28800 


4 5 2 7298 38400 


5 5 1 7298 57600 


6 5 1 7298 67200 


7 10 1 14411 115200 


8 10 1 14411 134400 


9 15 1 25251 172800 


10 15 1 27952 172800 


11 5 2 3630 14400 


12 5 1 3630 28800 


Category 11 & 12 support QPSK only (TS 25.306 4.5.3) 


 


HS-DSCH category Corresponding 
requirement 


Category 1 H-Set 1 


Category 2 H-Set 1 


Category 3 H-Set 2 


Category 4 H-Set 2 


Category 5 H-Set 3 


Category 6 H-Set 3 


Category 7 H-Set 6 (Rel-6) 


Category 8 H-Set 6 (Rel-6) 


Category 11 H-Set 4 


Category 12 H-Set 5 
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Fixed Reference Channel Definition H-Set 1 
 


Parameter Unit Value 


Nominal Avg. Inf. Bit Rate kbps 534 777 


Inter-TTI Distance TTI’s 3 3 


Number of HARQ Processes Processes 2 2 
Information Bit Payload ( INFN ) Bits 3202 4664 


Number Code Blocks Blocks 1 1 


Binary Channel Bits Per TTI Bits 4800 7680 


Total Available SML’s in UE SML’s 19200 19200 


Number of SML’s per HARQ Proc. SML’s 9600 9600 


Coding Rate  0.67 0.61 


Number of Physical Channel Codes Codes 5 4 


Modulation  QPSK 16QAM 
Note: The HS-DSCH shall be transmitted continuously with constant power but only every third TTI shall be 


allocated to the UE under test. 
 


Inf. Bit Payload


CRC Addition


Turbo-Encoding
(R=1/3)


3202


Code Block
Segm entation


1st  Rate Matching 9600


Tail B its129678


3226


CRC243202


RV Selection 4800


Physical Channel
Segm entation 960  


Coding rate for Fixed reference Channel H-Set 1 (QPSK) 







Inf. Bit Payload


CRC Addition


Turbo-Encoding
(R=1/3)


4664


Code Block
Segmentation


1st  Rate Matching 9600


Tail Bits1214064


4688


CRC244664


RV Selection 7680


1920
Physical Channel


Segmentation  


Coding rate for Fixed reference Channel H-Set 1 (16 QAM) 
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Output PowerOutput Power
verify maximum output power
– on high, middle and low channels
– according to 3GPP TS 34.121, Release 5, Sec. 5.2
– using appropriate FRC and RMC with TPC set to all 

“1’s”

measurement configurations
– 12.2 kbps RMC
– 12.2 kbps FRC with 12.2 kbps RMC

other configurations supported by the DUT
– DPCCH, DPDCHn, spreading codes, HS-DPCCH etc.
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Head & Body SARHead & Body SAR
when voice transmission and head exposure 
conditions are applicable
– use WCDMA handset head SAR procedures

body exposure for HSPDA data devices
– use WCDMA handset body SAR procedures, and
– FRC with a 12.2 kbps RMC in Test Loop Mode 1

• using the highest body SAR configuration in 12.2 
kbps RMC without HSDPA
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RFC & HRFC & H--SetsSets
H-set is configured in FRC according to UE 
category
– HS-DSCH/HS-PDSCHs, HARQ processes, 

minimum inter-TTI interval, transport block sizes, 
RV coding sequence are defined by H-set

use QPSK in H-set
use CQI feedback cycle of 2 ms in HS-DPCCH 
use βc=9 and βd=15 for DPCCH and DPDCH 
gain factors
use ∆ACK =∆NACK=5 and ∆CQI=2
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OverviewOverview
identify SAR measurement and instrumentation issues
– smaller penetration depth at higher frequencies

– higher field gradients closer to the tissue boundary

– existing SAR procedures for below 3 GHz are insufficient

– tissue-equivalent media recipes require non-polar liquids

review of FCC exploratory measurements and 
standards committees discussions

provide interim guidance for equipment certification

enable an acceptable level of measurement confidence 
while standards are being developed
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PhantomPhantom
head and flat phantom
– according to Supplement C 01-01 & IEEE 1528 criteria
– phantom shell issues under investigation by IEEE / IEC

• need to account for underestimated SAR
±10% εr & ±5% σ for liquid target value uncertainty
dielectric measurement uncertainty remains at ± 5%
10 cm liquid depth from SAM ERP or flat phantom
flat phantom size
– 5 cm surrounding transmitter
– or 3 penetration depths around measurement region
– maximum of 2 overlapping area scans to cover entire 

projections of certain standalone fully integrated DUT 
– regions of host device not contributing to SAR may 

extending beyond phantom margin
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Measurement ConstraintsMeasurement Constraints
D

ep
th

/S
ur

fa
ce

 E
ne
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y 

R
at

io
 (%

)

Minimum Probe Sensor to Phantom Surface Spacing 
(mm)

3 GHz

4.5 GHz

6 GHz

SAR SAR 
ProbeProbe

Phantom surfacePhantom surface
Probe Sensor Offset

Probe Boundary Effect

Probe Tip Diameter
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Probe RequirementsProbe Requirements

εr ≤ ± 5%, σ ≤ ± 2.5%
< 20%

Probe Calibration Range > ± 100 MHz 
Calibration Uncertainty

(Submit Certification to FCC)

εr ≤ ± 5%, σ ≤ ± 2.5%
< 20%

εr ≤ ± 10%, σ ≤ ± 5%

< 15%, k=2
± 50 MHz > Probe Calibration ≤ ± 100 

MHz Calibration Uncertainty
εr ≤ ± 10%, σ ≤ ± 5%

< 15%, k=2

≤ 1.5 mmProbe Sensor Offset≤ 2 mm

≤ 3 mmProbe Tip Diameter≤ 4 mm

≥ 4.5 GHzFrequency< 4.5 GHz
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SAR Scan RequirementsSAR Scan Requirements

≥ 7 x 7 x 9Minimum Zoom Scan Grid Points≥ 7 x 7 x 9

≥ 24 x 24 x 20Minimum Zoom Scan Volume≥ 30 x 30 x 24

≤ 2.5 mmZoom Scan (z) Resolution≤ 3 mm

≤ 4 mmZoom Scan (x, y) Resolution≤ 5 mm

≤ 2.5 ±0.5 mmClosest Measurement Point to Phantom≤ 3.5 ±0.5 mm

≥ 4.5 GHzFrequency< 4.5 GHz
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SAR Scan ProceduresSAR Scan Procedures
probe boundary effect compensation required when
– probe tip to phantom surface distance < ½ probe tip diameter
– or probe boundary effects error > 5%

area scan resolution ≤ 10 mm
peaks in area scan > 1.0 cm from scan boundary
zoom scan configurations
– 1st two measurement points ≤ 5 mm of phantom surface

• 3 points recommended above 4.5 GHz
– when graded grids (z) are used

• 1st point < 3 mm to phantom surface at < 4.5 GHz
• 1st point < 2.0 mm to phantom surface at ≥ 4.5 GHz
• subsequent graded grid ratio < 2.0; 1.5 recommended

– 1-g SAR volume ≥ 5 mm from zoom scan boundary
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PostPost-- ProcessingProcessing
post-processing algorithm accuracy
– equivalent to 5 mm area scan measurement resolution
– equivalent to 1 mm zoom scan measurement resolution

verify with IEC 62209-2 SAR Reference Functions
– 3 available functions to cover different SAR distributions
– different area/zoom scan resolutions require independent 

verification

verify interpolated/extrapolated peak SAR to identify 
post-processing errors
– in highest SAR configuration
– according to measured and extrapolated (curve-fitted) values
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System AccuracySystem Accuracy
verify SAR measurement system accuracy
– according to Supplement C 01-01 & IEEE 1528 criteria
– using IEC 62209-2 (IEEE 1528a) reference dipoles
– must measure within a valid probe calibration range

system accuracy tolerance
– 1-g SAR within 10% of manufacturer calibrated dipole 

target value
– extrapolated peak SAR at phantom surface above 

dipole feed-point within 15% of calibrated target peak 
SAR of dipole
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System VerificationSystem Verification
higher frequencies are mostly broadband
– reference dipoles may not be available at desired 

frequencies
SAR systems may be verified
– within device transmission band or within ± 100 MHz 

of device mid-band frequency
– within ± 200 MHz of device mid-band frequency only if 

both system verification and DUT are measured
• using the same tissue-equivalent medium
• the same probe calibration point, area/zoom scan 

resolutions, interpolation and extrapolation procedures
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Duty Factor vs. Crest FactorDuty Factor vs. Crest Factor
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Signal ConversionSignal Conversion
SAR field-probe signal conversion 
equation in typical systems:

i

iii

dcp
cfUUV 2+=

ConvFNorm

V
E

i

i
i

∗
=

• Ui is the measured 
voltage

• Vi ∝ power
• cf is ∝ power
• dcpi is the diode 

compression 
voltage

•Ei ∝ E-field
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OverviewOverview
802.11 a/b/g in §§15.247, 15.407 and Part 90Y

dynamic network operating configurations & conditions 
result in unreliable test environment

test mode conditions may not evaluate normal exposure

multiple data rates, modulation schemes, operating 
protocols (a/b/g), antenna diversity and other proprietary 
configurations require substantial test considerations

SAR measurement difficulties relating to voltage crest 
factors and peak to average power ratios of random noise-
like signals



October 2006 802.11 a/b/g SAR Procedures 3434

SAR EvaluationSAR Evaluation
measure SAR according to
– Supplement C 01-01 and IEEE 1528 criteria
– October 06 release: “3 – 6 GHz SAR Measurement 

Requirements”
configure the DUT in chipset based Factory Test Mode
test the required channels, proprietary modes and 
antenna diversity configurations
report both measured and duty factor adjusted SAR
verify voltage crest factor and peak to average power 
ratio issues before SAR measurements and apply 
modified procedures as necessary
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Modulation & Data RateModulation & Data Rate

64-QAM13.52754

64-QAM122448

ERP-PBCC3316-QAM91836

ERP-PBCC2216-QAM61224

CCK / PBCC11QPSK4.5918

CCK / PBCC5.5QPSK3612

DQPSK2BPSK2.254.59

DBPSK1BPSK1.536

quarterhalffull
ModulationData Rate (Mbps)Modulation

Data Rate (Mbps)

802.11b/g802.11 a/g OFDM, 802.11g DSSS-OFDM,
4.9 GHz half/quarter-clocked
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Part 15 Test ChannelsPart 15 Test Channels
 “Default Test Channels” 
§15.247 Mode GHz Channel Turbo 

Channel 802.11b 802.11g UNII 

2.412 1  √ ∇   
2.437 6 6 √ ∇   802.11 b/g 
2.462 11  √ ∇   
5.18 36    √  
5.20 40    ∗ 
5.22 44 42 (5.21 GHz) 

   ∗ 
5.24 48   √  
5.26 52 50 (5.25 GHz) 

  √  
5.28 56    ∗ 
5.30 60 58 (5.29 GHz) 

   ∗ 
5.32 64    √  
5.500 100    ∗ 
5.520 104   √  
5.540 108    ∗ 
5.560 112    ∗ 
5.580 116   √  
5.600 120    ∗ 
5.620 124   √  
5.640 128    ∗ 
5.660 132    ∗ 
5.680 136   √  

UNII 

5.700 140 

Unknown 

   ∗ 
5.745 149  √  √  
5.765 153 152 (5.76 GHz)  ∗  ∗ 
5.785 157  √   ∗ 

UNII 
or 

§15.247  
5.805 161 160 (5.80 GHz)  ∗ √  

802.11 a 

§15.247 5.825 165  √    
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P802.11P802.11--REVmaREVma--D6.0D6.0
Regulatory 

class 

Channel 
starting 

frequency 
(GHz) 

Channel 
spacing 
(MHz) 

Channel set 
Transmit 

power limit 
(mW) 

Emissions 
limits set 

Behavior 
limits set 

1 5 20 36, 40, 44, 48 40 1 1, 2 

2 5 20 52, 56, 60, 64 200 1 1 

3 5 20 149, 153, 157, 
161 800 1 1 

4 5 20 

100, 104, 108, 
112, 116, 120, 
124, 128, 132, 

136, 140 

200 1 1 

5 5 20 165 1000 4 1 

6 4.9375 5 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 25 5 9 

7 4.9375 5 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 500 5 9 

8 4.89 10 11, 13, 15, 17, 
19 50 5 9 

9 4.89 10 11, 13, 15, 17, 
19 1000 5 9 

10 4.85 20 21, 25 100 5 9 

11 4.85 20 21, 25 2000 5 9 

612–255 Reserved Reserved Reserved Reserved Reserved Reserved 
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Part 90Y Test ChannelsPart 90Y Test Channels
Mode GHz Channel 

No. 
Channel BW 

(MHz) 
Default/Required Test 

Channels 
4.9425 1 √ 
4.9475 2  
4.9525 3  
4.9575 4  
4.9625 5 
4.9675 6 √√ 

4.9725 7  
4.9775 8  
4.9825 9  
4.9875 10 

5 

√ 
4.945 11 √ 
4.955 13  
4.965 15 √ 
4.975 17  
4.985 19 

10 

√ 
4.955 21 √ 

Part 90 
Subpart Y 

4.975 25 20 
√ 
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Antenna DiversityAntenna Diversity
receive diversity only
– identify and test dedicated transmit antenna

legacy switched diversity
– test and determine highest SAR antenna

• complete tests using antenna with highest SAR
• test both antennas if SAR > 1.2 W/kg & > 25% variation

– apply defined duty factor
spatial diversity MIMO & cyclic delay diversity
– simultaneous transmission

2-antenna beam-forming
– simultaneous transmission + maximum EIRP condition

other diversity configurations: contact FCC
– STC, phased array, n-antenna beam-forming etc.
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TCB ApprovalTCB Approval
devices should be tested according to these 
procedures to qualify for TCB approval
– SAR Measurement Procedures for 3G Devices

• CDMA 2000 / Ev-Do
• WCDMA / HSDPA

– SAR Measurement Requirements for 3 – 6 GHz
– SAR Measurement Procedures for 802.11 a/b/g 

Transmitters
otherwise, contact the FCC to determine if
– exceptions can be made
– additional procedures and/or requirements may apply
– application should be submitted to the FCC for approval




